Volunteered Geographic Information (VGI) is currently a "hot topic" in the GIS community. The OpenStreetMap (OSM) project is one of the most popular and well supported examples of VGI. Traditional measures of spatial data quality are often not applicable to OSM as in many cases it is not possible to access ground-truth spatial data for all regions mapped by OSM. We investigate to develop measures of quality for OSM which operate in an unsupervised manner without reference to a "trusted" source of groundtruth data. We provide results of analysis of OSM data from several European countries. The results highlight specific quality issues in OSM. Results of comparing OSM with ground-truth data for Ireland are also presented.
INTRODUCTION
With the expanding availability and accessibility of GIS data and their various applications, often different from the purpose of the original data set, the characterization and quality evaluation of GIS data sets has become increasingly important. The ever increasing volume of georeferenced data being generated, transferred, and utilized and the amount of uncertainty embedded in spatial databases has become a major issue of crucial theoretical importance and practical consideration. At the same time Volunteered Geographical Information (VGI) is becoming a very important source of geographical information [10] . OpenStreetMap (OSM) is one of best known sources of VGI. The majority of OSM data is collected by "non specialists" and "amateur geographers" [6] giving rise to serious concerns in the professional GIS community surrounding the quality of OSM. Few examples appear in the literature where OSM data has been used for GIS modeling, spatial analysis, or spatial statistics. Over et. al [13] describe the development of 3D models for cities using OSM data combined with Digital Terrain Model (DTM) data but the authors comment that while "in Germany the OSM street network database is nearly complete OSM data is not widely used in the geoinformatics". Boin and Hunter [2] state that for data consumers to use VGI they "need some measure of the quality of the data to make informed choices towards reducing or absorbing possible uncertainty in the spatial data". In this paper we investigate the development of quality metrics for OSM: both for use in isolation (analysis of OSM data without ground-truth comparisons) and alternatively with access to ground-truth data. Experimental results show some serious problems with OSM data. OSM was founded in 2004 and has grown from modest beginnings to over over 200, 000 contributors at the end of 2009. Haklay [11] shows that in England by March 2010 OSM coverage of England had grown to 69.8% from 51.2% a year previous. Zielstra and Zipf [16] comment that in Germany in 2009 the amount of OSM data increased by 20% in under three months. Ciepluch et. al [5] give a detailed overview of the steps involved in establishing an OSM database and server system. The standard means of collecting and uploading data to OSM is by: (1) collecting data using GPS devices or (2) tracing outlines of polygons, polylines, etc from publicly available aerial imagery. Yahoo! have agreed to let OSM use their aerial imagery for the purposes of OSM tracing. Landsat satellite imagery, produced by NASA, can also be used as a source for OSM. These two processes of data upload to OSM are often rapidly accelerated when import activity extends to importing government or mapping agency spatial data provided it is usable under the OSM license. The paper is organized as follows. A discussion of spatial data quality with specific emphasis on the VGI domain is provided in section 2. The experimental analysis of OSM data is outlined in section 3. The paper closes with section 4 where we provide some discussion of the results from section 3 and the possible implications of these results. Issues for ongoing and future work are also outlined.
DATA QUALITY AND VGI
In this section we give an overview of the current literature on spatial data quality in VGI. Flanagin and Metzger [7] state that as the amount of VGI continues to grow "the issues of credibility and quality should assume a prominent place on the research agenda". Bulterman [4] suggests that the "complete disregard for documentation of data resources" has made it almost impossible for one to perform a fitness for use/purpose evaluation on data resources. For GIS data the lack of documentation of quality controls, measurement methods, etc may actually be an artifact of previous practices within the professional GIS community. Goodchild [9] remarks that in GIS it is often "common to remove any information that might link GIS layers to original measurements and thus to present data in a way that makes any conventional error analysis impossible".
Without some quantitative measures of accessing the quality of the OSM data the GIS community has been slow to consider OSM as a serious source of data. Flanagin and Metzger [6] remark that for VGI in general the "professional and scientific gate-keeping that usually filters and reviews data may not be present in sufficient forms and subsequently can lead to information which is prone to being "poorly organized, out-of-date, incomplete, or inaccurate. Some results of OSM data quality analysis are beginning to appear in the literature. Haklay [11] describes a comparison of the road network in OSM for England with the road network in the Ordnance Survey UK Meridian dataset and concludes that OSM is "as good if not better than the Meridian dataset in terms of positional accuracy". However he emphasises "serious issues about completeness". The recent study by Zielstra and Zipf [16] of OSM and TeleAtlas for Germany shows that "while professional data is not without it's faults the coverage of OSM in rural areas is too small to be seriously considered a sophisticated alternative for any applications". However the study does conclude that for larger cities (Berlin, Frankfurt, Munich) the data diversity is so rich that "OSM is replacing proprietary data for many projects". In Over et al [13] the authors comment that the quality control of OSM differs fundamentally from professionally edited maps. The community-based approach allows anyone to upload and alter map data. Due to the huge number of editors , errors and conflicts are usually quickly resolved. In urban areas changes in the road network appear in the OSM data set long before appearing in other map data providers.
RESULTS AND ANALYSIS
In this section we provide the results of some analysis of OSM data for Ireland and several other European countries.
Experimental setup
All OSM data was downloaded, in OSM-XML format, from the Geofabrik service [8] and are correct as of September 1 st 2010. Eleven countries and regions are studied in this paper: Wales UK(W), Bretagne in France FR(B), Ireland IE, Latvia LV, Switzerland CH, Denmark DK, Estonia (EE), Iceland IS, Austria AT, Scotland UK(S), Spain (ES), and Lower Saxony in Germany DE(LS). Ireland is used as a case-study with ground-truth data, Austria and Lower Saxony contain publicly available government-generated spatial data, while Bretagne contains Corine Land-Cover mapping data. Scotland, Wales, and Latvia as they are of comparable 
Polygon Respresentation in OSM
In this section we analyze how OSM polygons are sampled by contributors and how this impacts on the data representation of natural features such as lakes, ponds, and forests. In table 1 a summary of an analysis of the spacing, in meters, between samples points in OSM polygons representing water features in the 11 different countries and regions in Europe is shown. N represents the number of water features,s the mean spacing s between polygon nodes for all polygons,s the median spacing, µ the standard deviation, and the 95 th percentile. The same analysis is provided in table 2 for polygons representing forests and woodland features. Both tables are sorted bys in ascending order. The top 5 ranked databases: (FR(B), DE(LS),CH,AT, and DK) are countries and regions where bulk data imports of government and mapping agency data to OSM were performed. The ranking changes slightly for forest features in table 2. In almost every cases for water polygons is less thans for forest polygons in the same country. This could indicate that it is easier for volunteers to physically sample water features or trace their outline from aerial imagery. The precise bounds of a forest/woodland can be difficult to measure.
Tagging and Documentation
When data is uploaded or edited in OSM users can tag or annotate this data. The OSM community has a democratically accepted ontology of tags described on the OSM wiki [12] . Provided a tag has a set of verifiable values it can be part of the ontology. A number of special tags in the ontology are provided to allow annotation of OSM data. These include: source, description, attribution, and sourceurl. We analysed the usage of these annotation tags on lines and polygons (ways) for all eleven countries and the results are tabulated in table 3. N is the total number of ways, T is the number of ways which have tags, and tags(T) is the number of these ways which have source description and [3] argue that the quality of VGI is enhanced if proper metadata or tags are created and maintained which detail: types of changes and edits, methods of survey and collection, and finally a fitness for purpose statement. These tags provide would-be users of OSM data a means of evaluating the data's fitness for purpose, lineage, and fitness for usage. However, as argued by Skageby [14] argues that the "rewards of tagging are very hard to calculate for content contributors". 
Shape Similarity Tests
The data available for download from OSM is at full resolution and has not undergone any simplification or generalisation. We now present results from determining the shape similarity of OSM polygons representing lakes and the corresponding lakes in the OSi lakes dataset. To determine the shape similarity between two polygons we implemented the turning-function shape similarity metric of Arkin et al. [1] . The boundary of a polygon A can be represented by a turning-function ΘA (s) and the polygon is rescaled such that the total perimeter is 1. The similarity . In normalized form a value of 1 corresponds to identical polygons while as this value approaches 0 the polygons become more dissimilar. dp (A, B) = min
Using the nd2 metric of Equation 2 we calculated the shape similarity between 900 corresponding pairs of polygons from the OSM and OSI datasets. Visual analysis, by three participants, of a randomly selected subset of 100 pairs found that a similarity value of 0.8 or greater corresponded to very similar polygons. On the other hand, a similarity value of 0.5 or less corresponded to very dissimilar polygons. There are a total of 12080 OSI polygons and 1722 OSM polygons. Only 900 OSM polygons were directly comparable with the OSI due to fragmentation of large waterbodies into several smaller polygons and incorrect mapping of lakes. Results of the shape similarity analysis is presented in Figure 1 as a histogram. Just over 30% of OSM polygons have shape similarity of 0.8 or greater with their corresponding OSI polygons. More than 52% of OSM polygons can be considered as completely dissimilar to their corresponding OSI polygons most likely due to the under-representation (poor sampling) of OSM polygons. The larger the number of nodes in a polygon the more complex the shape of the turning function. Computing shape similarity of an OSM polygon P against the corresponding OSI polygon Q where the nodes(Q) >> nodes(P ) will yield a low value for ndp (P, Q). We analyzed the number of nodes in both the OSI and OSM Lakes dataset. Of the 12080 OSI polygons 75% of polygons contain between 0 and 50 nodes. For the 1722 OSM polygons this rises to almost 92% of polygons. The OSM polygons, the majority of which contain between 50 and 100 nodes, represent waterbodies with a range of areas from 0.13 Hectares to 410.9
Hectares. For OSI polygons, with the same number of nodes, this corresponds to waterbodies with areas within the range from 0.09 Hectares to 70.77 Hectares and highlights a more rigourous and accurate physical sampling of these natural features.
SUMMARY AND CONCLUSIONS
This paper has provided an overview of spatial data quality in VGI and OSM and is a first step towards the development of quality metrics for OSM data. Analysis in section 3 investigated OSM under several headings: data coverage, feature representation, sampling practices, annotation (metadata) of contributed data, and comparison with a ground-truth dataset. There are a number of important outcomes. Cities and towns lend themselves to easy data gathering while the mapping of rural areas or rugged terrain requires some appreciation of land cover classification and rigourous sampling. This is set against the backdrop of what Haklay [11] calls "excitement of engagement" to map certain areas in which circumstances OSM volunteers rushing to map features may inadvertently under-represent natural features. A US Geological Survey [15] data quality workshop concluded that "all quality considerations are use-case sensitive in VGI where quality depends on what the (VGI) data will be used for". Haklay [11] and Zielstra and Zipf [16] show OSM has many possibilities to obtain good data quality, reasonable and useful coverage, and an effective basis for GIS analysis, without the overheads of paying large fees for proprietary data. GIS experts considering using OSM can do so with the understanding that the data is of variable quality and this should be built into their analysis. While it is early in the lifetime of VGI and OSM many experts agree (outputs from USGC Workshop [15] ) that "the quality of VGI might be quantifiable some day and definite statements will be possible about VGI data quality". There are a number of issues for future work. First, to obtain a full view of representation of natural features across Europe it may help to assess if there are local, regional, or national trends of differences to how mapping is performed. Second, there is the temporal aspect to consider -how often do features get updated and does this only happen to the larger more popular features. Blighted for years by issues of uncertainty and data quality the GIS community will require strong evidence of the quality OSM data. Finally, OSM specific quality metrics are required. What if it is not possible to obtain a ground-truth dataset to measure VGI (in our case OSM) against? Another issue is communication of quality. How should the quality of VGI be communicated to potential users? A closer survey of the VGI requirements of the GIS community is required.
